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Significance

Research Directions

Development of nucleic acid normalization
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Pathogen detection using UHTSFeasibility and 
Sensitivity Study

Microscale manipulation of DNA
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(1) Infect macrophages with varying doses of 
Pichinde virus (model for Lassa fever virus) 

(2) Harvest cells and extract RNA (host and 
virus) at 12, 24, and 72 hrs post-infection 

(3) Reverse-transcribe to cDNA 

(4, 5) Host subtraction and 
normalization to reduce 
host-derived cDNA 

(6) Format for UHTS (fragment, add 
adapters, analyze and quantify) 

(7) UHTS by contract provider 
(106-108 reads, 30-500 bp length) 

AATCAGCTCGA 
AATCAGAGCGATCAGCCATT 

AATCAGCAGTCA 

AATTCAGCTTTCAGACCAA 
AATACTCTAAGCCGA 

AATGCTGCATGCCAGA 
AATCTGCATTGA 

AATCAGACCAACGCA 

AATAGCGGACT 

AATTTGACAAGC 

CTGCATTGACAAGCGGACTCTAAGCCGA 

GCTGCATGCCAGAGCGATCAGCCATT
CAGCAGTCAGCTTTCAGACCAACGCA 

(8) Bioinformatics – contig assembly, 
host sequence removal, database 
search, phylogenetic comparison) 

(host-derived sequences - reject) 

(pathogen sequence – 
compare to database) 

AATTCAGCTTTCAG 

Restriction enzyme digestion of HEK 293 
“host” and bacteriophage T4 “pathogen” DNA 

mixture into fragments averaging ~1.5 kb 

+ + 

Degradation of ds fraction by 
duplex-specific nuclease 

Detection and quantitation of host 
and pathogen ss DNA with q-PCR 

A B 

C D Develop techniques to automate 
nucleic acid suppression 

Microfluidics and 
electrokinetics 

Dispersion-free 
reagent transport 

Results
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Chip electrophoretic separation of 
DNA ladder following membrane 
concentration 

Enzyme 

Images illustrating concentration of  
dye-labeled dsDNA at a nanoporous 
polyacrylamide membrane.  Field can 
also be cycled to achieve mixing. 

Significant concentration of DNA can be 
achieved in a matter of minutes, without 
apparent drop-off in concentration rate. 
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Bowtie/MAQ 
workflow 

Challenge: How to adapt de novo assembly for 
multiple microbial genomes mixture 

Possible approach: Multiple reference genomes 
assisted assemblies 

Bioinformatics 

Bowtie/MAQ and BWA/
SMtools evaluated 

In silico infection experiments led 
to identification of pathogen 

Analysis strategy to be tested on 
Pichinde virus infection-UHTS data 

Molecular Biology 

Normalization protocol developed 
with human/ phage DNA mixture 

Laboratory infection of macrophage with 
Pichinde, with normalization, subtraction 

and UHTS (ongoing) 

Microfluidic architecture for 
manipulation of DNA developed 
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